Chronic diarrhea is one of the major symptoms in gastroenterology. However, this may be caused by pathologic conditions for which the diagnosis is critical. Villous atrophy, as an endoscopic lesion, accompanied by chronic diarrhea can occasionally be observed in the patients with inflammatory diseases of the gastrointestinal (GI) tract. Herein, we present a case with persistent diarrhea accompanied by intestinal wall thickening without any other significant endoscopic features other than villous atrophy in the jejunum and the ileum, where we diagnosed as an indolent T cell lymphoproliferative disorder (T-LPD) of the GI tract, defined in the 2016-2017 revised World Health Organization classification, via single-balloon enteroscopy (SBE). Interestingly, we found the same lymphocyte infiltration from the distal third portion of the duodenum, where gastroscopy could not reach, via SBE, even though no endoscopic findings were observed such as villous atrophy. Since infiltrating cells in the intestinal tissues were CCR4 + , mogamulizumab was administered with resulting durable symptomatic remission for more than 2 years. Patients with persistent diarrhea may have serious small intestinal disorder including not only chronic inflammatory diseases but also lymphoid neoplasmic conditions including T-LPD of GI tract.
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Introduction
Diarrhea is one of the major symptoms in the field of gastroenterology, and many cases are caused by inflammation due to infection with pathogens such as viruses and bacteria [1] . In addition, those with long standing diarrhea are often diagnosed as irritable bowel syndrome (IBS) when other specific inflammation and/or infection are ruled out. However, diarrhea may sometimes reflect the presence of significant disorder and thus a wide differential diagnosis is critical. Villous atrophy can occasionally be observed under endoscopic studies in patients with persistent diarrhea, especially in those suffering from inflammatory diseases of the gastrointestinal (GI) tract such as celiac disease, Crohn's disease, eosinophilic gastroenteritis and familial Mediterranean fever [2] [3] [4] [5] . Crohn's disease and eosinophilic gastroenteritis usually show specific histological features such as intestinal granuloma and eosinophil infiltrate, respectively. Celiac disease and familial Mediterranean fever are more prevalent in the Western hemisphere. In addition, villous atrophy in such diseases is often accompanied by other endoscopic lesions associated with inflammation such as redness, bleeding, erosion, ulceration, stenosis or polypoid lesions.
Herein, we present a case with persistent diarrhea without any other significant endoscopic findings other than villous atrophy in the small intestine where we diagnosed one form of lymphoproliferative disease using single-balloon enteroscopy (SBE).
Case report
A 69-year-old Japanese man with a history of anal fistula presented with diarrhea, intermittent fever and wasting. He did not have any specific family history. He had moved to a Southeast Asian country 12 years earlier, and he started having persistent diarrhea 2 years later. He came back to Japan to visit an outside hospital and was diagnosed as IBS, because stool culture and colonoscopy were normal, and the parasite infection studies were negative. Four years later, his diarrhea worsened with occasional fever. These symptoms continued to worsen for the subsequent year, and his body weight decreased 6 kg over 6 months. Gastroscopy and colonoscopy were unremarkable. However, computed tomography (CT) study of the abdomen detected jejunal wall thickening. Therefore, he was admitted to our institution for further evaluations.
The patient's vitals were within normal limits, and his physical examinations were benign. The initial laboratory data were only notable for albumin 3.4 g/dL and C-reactive protein 1.83 mg/dL, but the other routine blood cell count and biochemical investigations, including lactate dehydrogenase, were within normal reference ranges (Table 1 ). Repeat CT of abdomen and pelvis with or without contrast in our institution revealed diffuse abnormal thickening of the jejunum and the ileum with enlarged regional lymph nodes at the mesenteries (Fig. 1a, b) . Repeat gastroscopy and colonoscopy performed in our institution were normal and were the same as the ones at the outside hospital. Subsequent pathological results of the random biopsies from the esophagus to the second portion of duodenum and from the terminal ileum to the rectum showed nothing significant including lymphoid infiltration. However, SBE revealed ceaseless villous atrophy throughout most of his jejunum and ileum without any mass, ulceration or stenosis ( Fig. 2a-d) . Histopathology of the SBE biopsy specimens from the jejunum and the ileum showed loss of villous architecture and significant infiltration of small cells in the lamina propria and the submucosal layers (Fig. 3a) . Interestingly, the biopsy specimens from the distal third portion of duodenum did not show any clear endoscopic findings of villous atrophy using SBE but still consisted of the same lymphocyte infiltrate (data not shown). Microscopy under high power magnification revealed that these infiltrating mononuclear cells had relatively low nuclear grade, and the presence of lymphocytes in the epithelial layer were mostly normal (Fig. 3b) . Immunohistochemistry (IHC, Fig. 4a -c) and flow cytometry 2.8, respectively, which are considered as low as physiological uptake (Fig. 5) . In addition, a bone marrow examination showed no infiltration with atypical lymphocytes. Peripheral T cell lymphoma, not otherwise specified (PTCL-NOS) of the GI tract was originally diagnosed based on the World Health Organization (WHO) Classification of Tumours of Haematopoietic and Lymphoid Tissues at the time [6] , and the findings were considered to be stage II-2 based on the Lugano classification. Chemotherapy was thus initiated and consisted of pirarubicin, cyclophosphamide, vincristine and prednisolone (THP-COP). However, there was no response in either clinical or histological presentations even after 6 cycles of THP-COP. Afterward, rituximab, an anti-CD20 Ab, was also administered to the patient. However, the symptoms persisted despite this therapy. Subsequently, the WHO classification was revised in 2016-2017, and associated with this, a revised diagnosis of indolent T cell lymphoproliferative disorder (T-LPD) of the GI tract was made for the patient [7] [8] [9] . Serial sections of SBE biopsy specimens revealed that the majority of infiltrating T cells in the tissue were surprisingly CCR4 positive (Fig. 6) . Subsequently, mogamulizumab, an anti-CCR4 Ab, was administered to treat the patient, and all the patient's symptoms including diarrhea and fever improved. To date, he is still followed at our institution, and he has remained in clinical remission for more than 2 years.
Discussion
In this report, we presented a case of persistent diarrhea accompanied by wall thickening of small intestine where SBE was critical in the diagnosis of patient's condition that otherwise would have persisted indefinitely. Using SBE, we were able to appreciate villous atrophy in the jejunum and the ileum. Villous atrophy can be generally observed in the condition of chronic intestinal inflammatory disorders such as celiac disease, Crohn's disease, eosinophilic gastroenteritis and familial Mediterranean fever. However, these are unlikely diagnosis since our patient is Asian, without any specific family history, and without histological findings of significant CD8 + T cell or eosinophil infiltrate. His prior history of anal fistula, however, would lead us to consider Crohn's disease, but no other associated findings, such as ulceration, stenosis, abscess or granuloma were observed. Therefore, these inflammatory disorders were all ruled out. With persistent diarrhea, intestinal wall thickening, and/or villous atrophy, neoplastic condition can also be considered. Enteropathy-associated T cell lymphoma (EATL), originally defined as type 1 EATL, and monomorphic epitheliotropic intestinal T cell lymphoma (MEITL), formerly designated type 2 EATL, are two distinct entities of primary intestinal T cell lymphomas with aggressive progression. Therefore, these are important to be included in the differential diagnosis. In our case, these two conditions were excluded, because histopathological assessment of our patient's biopsy specimens showed normal-sized intraepithelial lymphocytes (IELs), and there were limited infiltration of small cells within lamina propria and submucosal layers. EATL and MEITL usually consist of intermediate to large-sized IELs with atypia and transmural infiltration with atypical lymphocytes. In addition, the immunophenotypical investigation of our patient revealed that the infiltrating cells were CD4
− and Ki-67 index < 10%, which are different from the atypical lymphocytes in EATL and MEITL that are usually CD4 − and CD5 − , cytotoxic, and high proliferation index with distinct markers such as CD56 and CD30. Moreover, the major symptom of our patient was mainly chronic diarrhea, and SBE showed no remarkable lesions other than villous atrophy in small intestine. On the other hand, clinical presentation of EATL and MEITL are generally acute because of high incidences of intestinal obstruction and perforation [10] .
In our case, the histological and immunophenotypical diagnosis based upon the first SBE biopsies were done before WHO official definition of indolent T-LPD. Therefore, our diagnosis initially was PTCL-NOS, which is a heterogeneous category of mature T cell lymphomas without corresponding distinct entities. Afterward, the diagnosis of indolent T-LPD was re-made for our patient according to the revised WHO classification, that reclassified indolent lymphoproliferative disorders as issued in 2016 and 2017 [8, 9] . This corresponded to our patient's chronic clinical presentation, lack of responsiveness for chemotherapy and relatively low histological aggressiveness with low Ki-67 index, as well as low nuclear grade of infiltrating lymphocytes.
The suggested first case of indolent T-LPD was initially described by Carbonnel et al. in 1994 [11] . Indolent LPD has been suggested to be associated with T cells, including CD4 + , CD8 + , CD4 CD8 double-positive (DP) and CD4 CD8 double-negative (DN) T cells, or NK cells [7, 10, [12] [13] [14] [15] . So far, 28 cases of CD4 + T cell-, 17 cases of CD8 + T cell-, 1 case of DP T cell-, 1 case of DN T cell-and 24 cases of NK cell-associated indolent LPD have been reported. Those with detailed descriptions, there are 5 cases of CD4 + T cell-, 7 cases of CD8 + T cell-, and 3 cases of NK cellassociated indolent LPD with minor endoscopic lesions such as erythema/red mucosa, irregular granular/nodular mucosa and even normal mucosa without ulcer/erosion or polypoid/elevated lesions [11, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In addition, the morbid lymphocyte infiltration in most of reported cases were spread throughout various parts of the GI tract mainly from the stomach to the colon. On the other hand, similar to our patient, some cases consisted of limited distribution of the morbid lymphocyte infiltration within the duodenum and the small intestine including 7 cases of CD4 + , 4 cases of CD8 + , and 1 case of DP T cell-associated indolent LPD [7, 12, 18, 19, 24, 25] . However, to the best of our knowledge, our patient is the first reported indolent T-LPD with endoscopic presentations observed by SBE, even though two previous papers, explaining the histological assessment of small intestines, have been published [16, 22] .
To date, pathogenesis of indolent LPD is still not understood. Even though immune responses related to inflammatory diseases, such as celiac disease and Crohn's disease, are speculated to also involve indolent T-LPD development, this has yet to be proven [7, 22, 25] . Although our patient had prior history of anal fistula, we do not think he has Crohn's disease due to the lack of supportive endoscopic and histological findings from the entire GI tract. Since most of patients with indolent T-LPD primarily have the small intestine involvement, their symptoms of chronic diarrhea and weight loss usually lead to erroneous diagnosis such as celiac disease and Crohn's disease [10] .
Standard therapy for indolent T-LPD has not yet been established. Similar to our patient, variety of chemotherapy have been attempted in several prior reports without significant success [10] . Moreover, disease progression including extra-GI involvement and transformation to aggressive lymphoma had also been reported [16, 17, 22, 24, 25] . On the other hand, it has been reported that two patients receiving anti-CD52 Ab therapy demonstrated clinical remission [25] . In our patient, CCR4 expression in the infiltrating T cells was interestingly observed, and thus, treatment with mogamulizumab was attempted. Fortunately, this therapy resulted in clinical remission including improvement of diarrhea and increase of body weight. To date, we continue to observe for evidence of relapse. We have tried to review all the available publications regarding CCR4 + lymphoid neoplasms and adaptation of mogamulizumab treatment for such diseases as far as we could. However, we could not find any such published reports. In addition, we have also tried to find literatures where other antibody therapies were used for T cell neoplastic disorders. However, the report with anti-CD52 Ab described above was the only one we could find.
In conclusion, we presented a case of indolent T-LPD in the small intestine including the distal third portion of duodenum that was diagnosed by SBE with biopsies. Like our patient, many patients with chronic diarrhea are diagnosed as IBS when any infectious and inflammatory diseases are ruled out after extensive stool analysis and endoscopic exam. However, potentially serious diseases of the small intestine should be considered, such as lymphoid neoplastic conditions including T-LPD of GI tract. Therefore, the use of SBE with biopsies would be critical in accurate diagnosis of these conditions.
